Shelterbelt systems play pivotal roles in providing goods and services to the rural community and the society at large, but phosphorus (P) cycling in shelterbelt systems is poorly studied, while P cycling and availability would be linked to the ecological function and services of shelterbelt systems. This study was conducted to understand how long-term (>30 years) land-use between cropland and forestland in shelterbelt systems affect soil P status. We investigated modified Kelowna (P Kelowna ) and Mehlich-3 (P Mehlich ) extractable P, P fractions (by sequential chemical fractionation), P sorption properties in the 0-10 and 10-30 cm soils and their relationship in six pairs of the cropland areas and adjacent forestland (each pair constitutes a shelterbelt system) in central Alberta. Both P Kelowna and P Mehlich in the 0-10 cm soil were greater in the cropland than in the forestland. The P Kelowna ranged from 10 to 170 and 2 to 57 mg kg −1 within the cropland areas and forestland, respectively. The inorganic P fraction in the 0-30 cm depth was significantly related to P Kelowna (R 2 = 0.55) and P Mehlich (R 2 = 0.80) in cropland, but organic P fraction was not significantly related with neither P Kelowna nor P Mehlich . The iron (Fe) and aluminum (Al) associated P (Fe/Al-P) explained~50% and 45% of the variation of P Kelowna in the 0-30 cm soil in the cropland and forestland, respectively. The Fe/Al-P and organic P fractions in the 0-10 cm soil were greater in the cropland than in the forestland. The differences in availability and P forms depending on the land use type in shelterbelts suggest that P management needs to be land-use type-specific for shelterbelt systems.
Introduction
Agroforestry is an alternative land-use system to monocultural cropping systems to achieve sustainable agricultural production. Shelterbelt systems are one of the most important agroforestry systems. There was an estimated 0.2 million km of shelterbelt within the three Canadian Prairie Provinces of Alberta, Saskatchewan, and Manitoba [1] . Ecological benefits of shelterbelts, including modification of microclimate [2] , influence on the quality of litter input [3] , and effects on carbon (C) sequestration have been extensively studied [4, 5] . In addition, competition with trees for soil available nutrients and water causing yield reduction in adjacent croplands in shelterbelt systems [6] and nitrate accumulation in deeper soil layers in croplands as compared to forestlands have also been reported [7] . However, how soil test phosphorus (P) and P availability differ between cropland and forestland in shelterbelt systems has not been studied, even though shelterbelts have been established on the Canadian prairies since the early nineteenth century and P is the second most limiting plant nutrient after nitrogen (N) in agricultural production systems.
Most soils in Alberta are low in soil-test P as quantified by the modified Kelowna (P Kelowna ) and Mehlich-3 (P Mehlich ) methods [8, 9] . The Mehlich-3 method is more aggressive in extracting P fractions [10] , even though the modified Kelowna method is most widely used in Alberta to determine soil available P [11] . A study by Manunta et al., [8] with more than 56,000 soil analysis, has shown that the majority of Alberta soils had a mean soil test P (P Kelowna ) of 25-30 mg kg −1 in the top 15 cm that is markedly below the agronomic threshold of 60 mg kg −1 for most crops [12] . Therefore significant efforts have been made to investigate soil test P and P fractionation in agricultural soils [13, 14] . Accumulation of different soil P forms is related to the land-use type, and several abiotic and biotic processes control the accumulation of different soil P species within land-use types. For instance, organic matter inputs associated with tree growth following grassland afforestation affected soil P dynamics over time [15] . Moreover, long-term soil management results in the transformation of Fe oxides in the soil [16] and that inevitably alters the related P retention and bioavailability in the soil. Decreasing soil-water content in cropland with increasing proximity to the forestland in shelterbelt systems [17] may also decrease crop P uptake.
Phosphorus is expected to accumulate in agricultural soils where P-fertilizer is repeatedly applied [18] , which would increase the potential loss of P into surface waters and cause eutrophication [19] . Phosphorus in the soil exists in several geochemical forms: exchangeable, Ca and Mg-bound (Ca/Mg-P), Fe and Al-bound (Fe/Al-P) and organically bound P (Org-P) [20] . The distribution of P forms is strongly dependent on soil type [21] , and management practices affect P bioavailability in the soil [22] , some of those effects are related to changes in soil pH as pH has a strong control on P availability. For instance, most of the P applied to pasture, and cultivated soils were transformed into Fe/Al-P and the Ca/Mg-P fractions, respectively [23] , and P is known to be a nutrient that should be studied in with regard to the changes in land-use [24] . In this context, it is helpful to study various P forms that govern P availability in adjacent cropland and forestland in the same land unit to determine if any difference exists between the two land-use types.
Integrating trees into the agricultural landscape enhances organic matter input to the soil from litterfall [25] , which can result in a high proportion of Org-P in the soil [26] . Although nearly 70% of P in forest soil was Org-P, crop production and fertilizer P application resulted in decreased Org-P concentrations and increased inorganic P in soils [27] . Inorganic and Org-P fractions in soils vary in terms of their bioavailability and mobility and Org-P forms in general increase with decreasing soil particle size in forest and cropland soils [28] . Although the Org-P and inorganic P fractions are likely to change due to prolonged P fertilizer application in cropland, the relationship between inorganic and organic P fractions and the plant-available P in soil is not always understood, and the land-use effect on soil P fractions has not been studied in shelterbelt systems.
This study was conducted to evaluate the extent to which agricultural practices have altered the inorganic and organic fractions of P in the land cultivated for crop production as compared to the adjacent forestland in a shelterbelt system in Central Alberta, no such study has been done in the past. The objectives of this research were to determine the effect of land-use type on inorganic and organic P fractions and to identify the P fraction mostly related to the available P based on the study of selected shelterbelt systems in central Alberta. Improved knowledge of the effect of land-use type on the distribution of P forms will inform better management practices of soil P in shelterbelt systems that could benefit agricultural production as well as environmental quality.
Materials and Methods

Site Description and Soil Sampling
This study was conducted at six sites (or six replications) located in three counties in central Alberta: Sturgeon, Thorhild, and Lacombe ( Figure S1 ). Two sites were selected from each county and each site comprised of a cropland and forestland pair, allowing a pairwise comparison to be made. Within each pair, the site conditions (e.g., soil properties and climatic conditions) for the two land-use types (cropland vs forestland) were similar before the land diverged into cropland and forestland. In the sites located in the north end (Thorhild) and south end (Lacombe) sampling area, the mean annual air temperature based on the 1981-2010 tri-decadal climate period was 1.9 • C and 2.4 • C, respectively, and mean annual precipitation was 463 mm and 448 mm, respectively [29] . Having the six pairs distributed widely allows our study results to be applicable over a broad geographic region, rather than just for a single site. Luvisols (Boralfs in the USDA soil classification system [30] , same below), Dark Gray Chernozems (Boralfic Boroll), and Black Chernozems (Udic Boroll) [30] were the dominant soils in the north, central and south areas, respectively, and the soils have a loam texture [31] .
In each site, trees were planted in 1-2 rows (3-5 m wide) to establish the forestland around the edge of agricultural lands. Forestland was comprised of 20-50-year-old trees, and white spruce (Picea glauca Moench) was the dominant species [32] . Adjacent to the forestland, the cropland was typically rotated among barley (Hordeum vulgare), wheat (Triticum aestivum), canola (Brassica napus), or pea (Pisum sativum) crops. Agricultural management practices included annual fertilizer application up to 120 kg N ha −1 year −1 and 25 kg P ha −1 year −1 and minimum tillage [31] . At the minimum, those forestlands had been out of the influence of direct agricultural management (such as P fertilization) for 30 years.
Soil samples were collected after crop harvest in September-October 2012. First, a transect of 30-50 m long was established in both the cropland and forestland. The transect in the cropland was established at least one tree height (~30 m) away from the nearest tree to reduce the immediate impact of trees at the proximity to cropland, while the transect in the forestland was located in the center of the treed area. The paired cropland and forestland transects were located on the same ecosite with similar slope, elevation, landform, and drainage class as much as possible. Mineral soil samples were then collected along each transect from 0-10 and 10-30 cm depths using a 3.2 cm diameter corer, after removing the surficial organic layer in soil and fresh litter. A composite sample for each depth and each transect was obtained by mixing ten soil cores, and fresh soil samples were air-dried in the laboratory at room temperature (20-25 • C) and then passed through a 2 mm sieve.
Analysis of Basic Soil Chemical and Physical Properties
Soil pH was measured in a 1:2 (w:v) mixture of soil to 0.01 mol L −1 CaCl 2 solution with a PHH-200 pH meter (Omega Eng. Inc., Stamford CT, USA. Total C was measured with the use of an ECS 4010 Elemental Analyzer (Costech International Strumatzione, Florence, Italy). Soil samples were taken per depth in triplicate using metal rings (106 cm 3 volume) and oven-dried at 105 • C to determine soil bulk density. The hydrometer method [33] was used to determine soil texture by dispersing 40 g of soil (100 g for sandy or loamy sand soils) in 400 mL of Calgon ® [(NaPO 3 ) 6 ] solution (50 g L −1 ). Cation exchange capacity was determined by extracting 3 g of air-dried soil with 30 mL of 0.1 mol L −1 BaCl 2 solution. The sample was slowly shaken for 2 h (15 rpm), centrifuged for 23 min, filtered using Whatman No. 41 filter papers (20 µm pore size) and atomic absorption spectrophotometry was used to measure cations in the soil extract. Mehlich-3 extraction of soil samples was conducted to determine extractable P, Ca 2+ , Mg 2+ , Fe 3+ and Al 3+ [34] . A 2.5-g sample of soil was extracted using 25 mL of the Mehlich-3 solution that was composed of 0.2 mol L −1 CH 3 COOH, 0.25 mol L −1 NH 4 NO 3 , 0.015 mol L −1 NH 4 F, 0.013 mol L −1 HNO 3 , and 0.001 mol L −1 EDTA. The soil and solution mixture was shaken for 5 min at 120 strokes per minute, and then soil extract was filtered with a Whatman No. 40 filter paper. A PerkinElmer Optima 3000 DV inductively coupled plasma mass spectrometer (ICP-MS) (PerkinElmer Inc., Shelton, CT) was used to measure cation concentrations in the soil extract.
Soil P extraction and Fractionation
The P Kelowna extraction was done by extracting soil using the modified Kelowna reagent that was composed of 0.015 mol L −1 NH 4 F, 0.25 mol L −1 CH 3 COONH 4 , and 0.25 mol L −1 CH 3 COOH [35] . A 2.5 g of soil was extracted with 25 mL of the reagent by shaking for 15 min, and then the molybdate-ascorbic acid method was used to measure P in the filtered solution colorimetrically at a wavelength of 882 nm [36] using a spectrophotometer (GENESYSTM 10 Series). The P Mehlich was determined together with the analysis of Mehlich extractable cations by extracting the soil with Mehlich-3 solution. The P adsorption maximum was estimated using a single point P adsorption (P 150 ) determined at 150 mg P L −1 concentration (made in 0.01 mol L −1 KCl) by extracting 2 g of air-dried soil with 20 mL of the 150 mg P L −1 solution [37] . The soil suspension was shaken for 24 h at room temperature after adding two drops of toluene to inhibit microbial activity and then centrifuged at 3000× g for 10 min. The soil suspension was filtered using a 0.45 µm Fisherbrand™ syringe filter and P concentration was determined using the molybdate-ascorbic acid method as described above. The P saturation index (Psi) was determined as the molar ratio of Mehlich-3 extractable P to Mehlich-3 extractable (Al + Fe) in mmol kg −1 [38] .
Chemical fractionation of P was conducted by sequentially extracting 2 g of soil with 20 mL of extractants in the following order: deionized water, 0.1 mol L −1 NaOH, and 0.5 mol L −1 HCl to determine water-extractable P, Fe/Al-P, and Ca/Mg-P, respectively [39] . The amount of Org-P was calculated by the difference between the total P concentration in the digested and undigested NaOH extracts. Inorganic P determination in soil extracts and digests was carried out colorimetrically according to the molybdate-ascorbic acid method. The Kjeldahl digestion (HClO 4 and HNO 3 acid digestion) of soil samples [40] and the colorimetric method were used to measure pseudototal P in the soil. The sum of Water-P, Fe/Al-P, and Ca/Mg-P will be named as the inorganic P fraction hereafter. The difference between total P and the total extractable P was identified as Residual P.
Statistical Analysis
All statistical analyses were performed using the SAS software (SAS 9.2, SAS Institute Inc., Cary, NC, USA. Analysis of variance was conducted based on a split-plot design to determine the effects of land-use type (main plot) and soil depth (subplot) and their interaction on soil physical and chemical properties. Normality of distribution was tested using Shapiro-Wilk's and log transformation was applied to P Kelowna , P Mehlich , Water-P, Fe/Al-P, total P and Residual P to make the distribution normal prior to statistical analysis. The transformation was conducted to meet the assumptions (e.g., normality of distribution) for statistical analysis. However, untransformed data are presented in this paper. A Pearson correlation analysis was performed between P 150 , soil properties, and concentrations of soil P fractions in the 0-10 cm layer of both cropland and forestland. Linear regression analysis was conducted between P Kelowna , P Mehlich , Psi and concentrations of P fractions in both soil layers in each land-use type. Tukey's multiple comparison test was conducted for multiple comparisons. Given the study was conducted across a wide geographic range with large variation in soil properties as well as vegetation composition, a p-value of 0.10 was used to evaluate the significance so that the risk for committing a type II error is reduced [31, 41] .
A principal component analysis (PCA) was conducted to reveal the differences between cropland and forestland within each site. The PCA was applied to P Kelowna , P Mehlich , concentrations of P fractions and Mehlich extractable cations of 0-10 cm layer in all sites using the PROC FACTOR procedure. A correlation matrix was used to derive principal components (PC), and the final component structure was unrotated. Only PCs with eigenvalues greater than one were considered.
Results
Subsection Soil Properties and P Status in Cropland and Forestland
There were no differences in soil properties in the 0-10 cm layer except that the bulk density was greater in cropland than in forestland ( Table 1 ). The mean pH in the 0-10 cm soil was 6 in both the cropland and forestland. A land-use by depth interaction was found for P Kelowna , P Mehlich , P 150 , and Psi. The P Kelowna ranged from 10 to 170 and 2 to 57 mg kg −1 in cropland and forestland, respectively. As expected P Kelowna , P Mehlich and P 150 in the 0-10 cm layer were greater in cropland than in forestland, but this was not the case in the 10-30 cm layer ( Figure 1a ). Moreover, P Kelowna and P Mehlich were greater in the 0-10 cm than in the 10-30 cm layer only in cropland ( Figure 1a ). The P Mehlich was greater than P Kelowna in the soil samples measured when the total sampling depth (0-30 cm) was considered in each land-use type given the slope for the regression line was less than one ( Figure S2 ). The extractability of Mehlich-3 solution was approximately two-fold greater than that of the modified Kelowna solution ( Figure S2 ). The inorganic P fraction was greater in the 0-10 cm depth of cropland compared to that of forestland ( Figure 1c ). ( Figure S2 ). The inorganic P fraction was greater in the 0-10 cm depth of cropland compared to that of forestland ( Figure 1c ). The P 150 was different between the cropland and forestland in the 0-10 cm layer but did not differ between the two layers in each land-use type (Figure 1a ). The P 150 in the 0-10 cm layer was positively correlated with total C in cropland and Fe, Al and Fe/Al-P in the forestland ( Table 2 ). The Psi was greater in the 0-10 cm than in the 10-30 cm layer only in the cropland. The C:P (based on total P) ratio was higher in the forestland than in the cropland while the C:P did not differ with depth in each land-use type (Figure 1b) . Table 2 . Pearson correlation coefficients (r) and p values (in brackets) for correlation analysis between P sorption index (P 150 ) and some soil properties in the 0-10 cm layer of cropland and forestland in shelterbelt systems (n = 6). 
Land-Use
Soil P Fractionation in Cropland and Forestland
The Water-P was greater in the 0-10 cm than in the 10-30 cm layer in both land-use types ( Table 3) . Among all P fractions, a soil depth by land-use type interaction was found only for Fe/Al-P and Org-P. Both P fractions were greater in the 0-10 cm than in the 10-30 cm layer of the cropland but were not different in the forestland ( Table 3 ). The inorganic P fraction in the 0-30 cm depth was significantly related to P Kelowna in both land-use types ( Table 4 ). The Fe/Al-P explained about 50 and 45% of the variations of P Kelowna in the 0-30 cm layer in the cropland and forestland, respectively (Table 4) . Moreover, the difference between P Kelowna and P Mehlich in each site was positively related to Ca/Mg-P, Fe/Al-P and Org-P in the 0-30 cm layer in the cropland but not in the forestland (Figure 3) . The Psi was also positively related to inorganic P fraction in the cropland (0-30 cm) but not in the forestland (Figure 2b) .
The PCA analysis of soil properties revealed differences between cropland and forestland in three sites based on the coefficients of the first two PCs (Figure 3 ). Two significant PC were extracted from the PCA, which explained 46% (PC1) and 20% (PC2) of the variance (Figure 3 ). Cropland and forestland sites were segregated along the two PCs reflecting differences between two land-use types with respect to soil P solubility, fractionation, Fe, Al, Ca and Mg concentration. The PC1 showed high loadings of P Kelowna , P Mehlich , Ca/Mg-P, Fe/Al-P, Org-P and Fe concentrations with a positive effect ( Table 5 ). The PC2 was associated with Al and Ca with a negative and a positive effect, respectively. Table 3 . Average concentration of P fractions and total P in cropland and forestland in shelterbelt systems (n = 6). 
Land-Use Type
Soil Test P (PKelowna ) is Related to Fe/Al-P
The greater inorganic P concentration in the 0-10 cm soil in the cropland than in the forestland was a remarkable difference between two land-use types (Figure 1c ) caused by agricultural practices. Phosphorus fertilizer treatments showed a positive effect on the inorganic P fractions in-long-term crop rotation plots on a Luvisolic soil and a Chernozemic soil in Alberta, indicating that most inorganic P fractions were related to P fertility in the long-run [13] . Moreover, inorganic P was soil C are consistent with the lack of relationships between PKelowna and Org-P in the cropland in our study. The stable soil organic matter pool may be related to the low availability of Org-P in Picea based forestlands in shelterbelt systems [14] . The readily extractable P associated with Fe and Al strongly contributed to PKelowna in the cropland and forestland. However, it was interesting to note that P150 was positively correlated with Fe and Al in the forestland but not in the cropland ( Table 2) , indicating that Fe and Al played a greater role in affecting P availability in the soil under forestland than that in the cropland soil. However, the geochemical investigation of Fe/Al-P in the forestland may provide better insights into the P behavior in the forestland. The weak relationship between PKelowna or PMehlich and Ca/Mg-P (Table 4 ) cannot be related to the low solubility of calcium phosphates since soil pH was around 6 in both land-use types where calcium phosphates are soluble [51] . In addition, Mehlich 3 and Kelowna are acid extractants, which can dissolve more Ca-P and the above relationships weak. However, the extractability of P by the Mehlich-3 solution was greater than the modified Kelowna solution with increasing Fe/Al-P and Ca/Mg-P concentrations in the 0-30 cm soil layer in the cropland (Figure 2a ), indicating the greater solubility of the inorganic P fraction in the cropland than in the forestland, likely related to the external P input and the lower organic C content in the cropland soil that decreases P fixation by organic matter. Therefore, the fraction of inorganic P that was not extracted by the modified Kelowna method (i.e., non-available P) may consist of extractable P that could be released into the soil solution through desorption as the amount of available P decreases in the soil [50] . The importance of plant non-available P forms as P reserves may contribute to the P nutrition of crops [52] since desorption, mineralization, and weathering may change non-available P forms into available forms in the cropland. Unlike inorganic P, the lack of relationship between Org-P and soil test P in the cropland and forestland may be due to the recalcitrant nature of the Org-P fraction in the soil (Figure 2a and Table 4 ). Given the low soil test P, replenishment of inorganic P by mineralization of soil organic P 
Discussion
Greater P Build-up in the Surface Soil in the Cropland than in the Forestland
The P Kelowna in the 0-10 cm layer of cropland was twice as high as that in the forestland, indicating that soil P was built up by agricultural practices such as P-fertilizing and minimum tillage (Figure 1a ), suggesting greater P solubility in the cropland than in the forestland. The limited mobility of P in soils leads to the accumulation of P in surface soils [42] and increased plant-available P in the soil was related to the long-term P fertilizer application [43] . In addition to P inputs, the lower C:P ratio in the 0-10 cm layer of cropland may result in organic P mineralization [44] , which would further enhance available P in the cropland than in the forestland. Fine roots of Picea glauca might be present up to the 45 cm depth in the soil [45] , and thus greater root exploitation and lack of P input caused lower soil test P in forestland than in cropland. The similar soil test P in both soil layers indicated the utilization of P over the 0-30 cm depth by Picea species in the studied forestland. We acknowledge that these results are in line with what we expected from soils that have diverged in land use 30-40 years ago and that croplands have more P because of fertilization practices and the tendency of soils to adsorb PO 4 3− .
The upper-level agronomic threshold of P Kelowna in the top 15 cm of soil is 60 mg kg −1 for most crops grown in Alberta [12] . Three cropland sites (one site in Sturgeon county and both sites in Lacombe county) contained high P Kelowna (60-170 mg kg −l ) in the 0-10 cm layer while the other three sites had P Kelowna (10-46 mg kg −1 ) lower than the agronomic threshold. The low P Kelowna in some cropland sites is consistent with findings reported by [8] where the mean extractable P concentrations varied between 25 and 30 mg kg −1 in the top 15 cm soil for the majority of eco-districts in Alberta.
Phosphorus sorption capacity in soils is related to the clay content [46] , and the strong relationship between clay content and P 150 (Table 2) in cropland implied that clay particles were more reactive and more effective in retaining P in the cropland than in the forestland. Interestingly, P 150 was positively related to Al in the forestland (Table 2) , and this calls for further investigations on the compositional differences of Al forms given the similar pH and Al concentrations between the two land-use types. Unlike in the forestland, greater P Kelowna with high P 150 suggests saturation of P sorption sites in some croplands or reflects the degree of desorption of retained P in cropland soils ( Figure S3 ). Although the inherent P sorption capacity seemed to be similar in the two land-use types ( Figure S3 ), P input caused the saturation of P sorption sites in the cropland in contrast to that in the forestland. The high Psi and soil test P are related to the ecological risk associated with inorganic P loss (surface run-off and/or leaching) from the cropland [9, 47] . Excessive P loss from cropland soils can decrease the quality of surface water. Although the increasing inorganic P resulted in increasing Psi in cropland (Figure 2b ), soil test P in forestland was not influenced by the adjacent cropland with high Psi and soil test P that was greater than the agronomic threshold. The two land-use types had the same ecosite type and were on a flat topography. In the cropland, both soil test P, P 150 and Psi were related to the inorganic P fraction and indicated P build-up in the surface soil.
Soil Test P (P Kelowna ) is Related to Fe/Al-P
The greater inorganic P concentration in the 0-10 cm soil in the cropland than in the forestland was a remarkable difference between two land-use types (Figure 1c ) caused by agricultural practices. Phosphorus fertilizer treatments showed a positive effect on the inorganic P fractions in-long-term crop rotation plots on a Luvisolic soil and a Chernozemic soil in Alberta, indicating that most inorganic P fractions were related to P fertility in the long-run [13] . Moreover, inorganic P was increased in the 0-20 cm soil in managed grasslands [48] and croplands as compared to natural forestlands [49] . The increased availability of inorganic P in the cropland was evident in the strong relationship between inorganic P fraction and P Kelowna and the greater amount of P that was extracted by the modified Kelowna method in the cropland than in the forestland (i.e., 58 vs. 46% of the total P). Although the Org-P comprised a larger fraction of total P than the inorganic P in the cropland (Table 3) , P Kelowna was not related to Org-P in the cropland (Table 4 ). A high level of the recalcitrance of the organic P pool that acts as a sink for inorganic P has been reported [50] . The weak correlation between available P and Org-P in Alberta soils [14] and the strongest correlation between P 150 and soil C are consistent with the lack of relationships between P Kelowna and Org-P in the cropland in our study. The stable soil organic matter pool may be related to the low availability of Org-P in Picea based forestlands in shelterbelt systems [14] .
The readily extractable P associated with Fe and Al strongly contributed to P Kelowna in the cropland and forestland. However, it was interesting to note that P 150 was positively correlated with Fe and Al in the forestland but not in the cropland ( Table 2) , indicating that Fe and Al played a greater role in affecting P availability in the soil under forestland than that in the cropland soil. However, the geochemical investigation of Fe/Al-P in the forestland may provide better insights into the P behavior in the forestland. The weak relationship between P Kelowna or P Mehlich and Ca/Mg-P (Table 4 ) cannot be related to the low solubility of calcium phosphates since soil pH was around 6 in both land-use types where calcium phosphates are soluble [51] . In addition, Mehlich 3 and Kelowna are acid extractants, which can dissolve more Ca-P and the above relationships weak. However, the extractability of P by the Mehlich-3 solution was greater than the modified Kelowna solution with increasing Fe/Al-P and Ca/Mg-P concentrations in the 0-30 cm soil layer in the cropland (Figure 2a ), indicating the greater solubility of the inorganic P fraction in the cropland than in the forestland, likely related to the external P input and the lower organic C content in the cropland soil that decreases P fixation by organic matter. Therefore, the fraction of inorganic P that was not extracted by the modified Kelowna method (i.e., non-available P) may consist of extractable P that could be released into the soil solution through desorption as the amount of available P decreases in the soil [50] . The importance of plant non-available P forms as P reserves may contribute to the P nutrition of crops [52] since desorption, mineralization, and weathering may change non-available P forms into available forms in the cropland. Unlike inorganic P, the lack of relationship between Org-P and soil test P in the cropland and forestland may be due to the recalcitrant nature of the Org-P fraction in the soil (Figure 2a and Table 4 ). Given the low soil test P, replenishment of inorganic P by mineralization of soil organic P fraction seems to be important to provide available P for trees in the forestland as the Org-P is the largest fraction of the extractable P in the soil.
The PC1 in the PCA plots indicated that croplands were distinct from the forestland, but such difference between land-use types was site-dependent. The least difference between the cropland and the forestland was found in sites located in Sturgeon County (Figure 3 ) while, the cropland and forestland in Lacombe and Thorhild counties were mainly differentiated by PC1 and PC2, respectively (Figure 3 ). According to the PC1, the differentiation between cropland and forestland in different counties was increased in the following order: Sturgeon > Thorhild > Lacombe. The absence of clear segregation between the cropland and forestland in all sites supported that P availability and forms depend on the inherent characteristic of each site [53] . Moreover, accumulation of P species in soils with different land-uses was attributed to the collective influence of biotic and abiotic factors such as variation between soil, site, and management factors within a land use [54] . The PC1 tended to be positively contributed by extractable P and Fe/Al-P having the largest PC loading (Table 5 ). Therefore, in addition to the strong positive relationship between Fe/Al-P fraction and P Kelowna (i.e., available P) (Table 4) , the Fe/Al-P fraction is also related to the difference between the studied shelterbelt systems regarding P status in soil ( Table 5) .
Conclusions
Our study provides insights into the linkages among soil test P, P fractions and P sorption properties in cropland and forestland in shelterbelt systems. The difference in the P status between the cropland and the forestland in shelterbelt systems was dependent on the site location but soil test P was mainly governed by soluble inorganic P that was associated with Fe and Al in both the cropland and the forestland. A direct impact of the P build-up in the cropland on the P status in forestland was not evident in this study as seen by low soil test P in the forestland. However, given the low soil test P in the forestland as compared to the cropland, competition for available P may exist between trees and crops at the boundary between the cropland and the forestland. Such relationships are worth to be studied in the future. Moreover, considering a large amount of P associated with the organic fraction in cropland and forestland, further exploitation of organically bound P as a potential source of available P is worthwhile in future P management plans. Improved knowledge of the sources and types of organic P and factors controlling organic P mineralization is needed in developing management strategies to promote organic P availability for plant production.
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